The dopaminergic system, and in particular the dopamine D 2 receptor, has been implicated in reward mechanisms in the brain. Dysfunction of the D 2 dopamine receptors leads to aberrant substance-seeking behaviors (ethanol, drugs, tobacco, and food) and other related behaviors (pathological gambling, Tourette's disorder, attention-deficit/hyperactivity disorder). This is the first study supporting a strong association between the dopamine D 2 receptor Taq A 1 allele with schizoid/avoidant behavior (SAB). Additionally, an albeit weaker association between the 480-bp VNTR 10/10 allele of the dopamine transporter (DAT 1 ) gene with SAB was similarly found.
Introduction
effects. Where these complex traits do not show simple Mendelian patterns of inheritance, one would not Among the eleven personality disorders in the DSMexpect simple genetic answers caused by a single gene. IV, only the schizotypal, borderline, and antisocial
In this regard as suggested by Plomin et al, 6 the onehave been examined to any considerable extent for gene, one-disorder hypothesis (OGOD) does not look gene effects. 1 Most recently, dopamine D 4 Exon 111 48-for a single gene for complex traits, but rather assumes bp repeat region (2-8 repeats) was found in two indethat complex traits comprise several subtraits each pendent studies to associate with novelty-seeking influenced by a single gene. The OGOD strategy has behavior.
2,3 As previously suggested, human personalready been successful for some complex behavioral ality traits which can be measured adequately by standisorders: mental retardation, 7 Alzheimer's, 8, 9 impuldardized rating scales show a considerable heritable sive violence, 10 and severe alcoholism and drug component. 4 Moreover Bouchard, 5 following an abuse. 11, 12 While controversy exists with regard to the exhaustive review of the current twin and adoptive appropriate use of linkage vs allelic association studies, studies, suggested that 30-60% of the variance in a in terms of complex diseases having polygenic inheritnumber of personality traits is due to inherited factors.
able components for net expression, there are advanExpression of complex human behavior such as pertages for association studies, which can be complemensonality involves both genetic and environmental tary to linkage. Allelic association can provide the statistical power needed to detect small effect size. Evidence for the involvement of dopaminergic dys-oxidase inhibitors, 14 suggesting a strong relationship orbid drug or alcohol abuse were selected for both genotyping and assessment with the Millon Clinical Multibetween these behaviors and reward deficits. 15 Molecular genetic evidence on the role of dopamine in reward axial Inventory (MCMI-II). 43, 44 and the B 1 allele of dopacal scales was constructed as an operational measure of a syndrome derived from a theory of personality and mine beta hydroxylase gene (D␤H) also associated with Tourette's disorder and a number of behavioral subpsychopathology. The clinically oriented scales are coordinated directly with the official diagnostic system traits. 44 The DRD 2 gene is localized to chromosome 11 q22-and its syndrome categories (DSM-IV). Separate scales have been constructed in line with the DSM-IV model 23, the D␤H gene is localized to chromosome 9 q34 and the human dopamine transporter gene first cloned by to distinguish the more enduring personality characteristics of patients (Axis II) from the acute clinical disVandenberg et al 45 has been mapped to chromosome 5 pL 5.3. For association with schizoid/avoidant personorders (Axis I). Actuarial base rate data, rather than analyzed standard score transformations, were ality, we utilized the Taq A 1 allele of the DRD 2 gene and the Taq B 1 allele of the D␤H gene. The presence employed in calculating and quantifying scale measures. A base rate of 60 is suggestive of a trait. Base rates of a polymorphism 40-bp repeat in the 3 untranslated region (UTR) of the gene with repeat numbers ranging between 75 and 83 indicate a chronic or moderately severe disorder and greater than or equal to 84 signifies from 3 to 11 and Taq I RFLPs, allowed researchers to carry out a number of linkage and association studies a pathological disorder. In this study we chose to identify the experimental group by using Millon's Schizoid for a number of conditions. The 10 and 9 repeats were found to be the most common, accounting for over 90%
Avoidant cluster of behaviors in subjects achieving a percentile rank of 84 or higher on this particular of the alleles. 46 Therefore for the above reason we decided to utilize the 10/10 genotype of the DAT 1 gene cluster. We classified subjects according to their MCMI-II for potential association with schizoid/avoidant personality. It is noted that the simultaneous approach of scores, grouping the probands into four distinct base rates according to the following divisions: (1) scores all three dopaminergic genes is based on the concept of polygenic inheritance and this method was successbelow 60; (2) equal to 60 up to 73; (3) equal to 74 up to 83; and (4) equal to 84 up to 100. The demographics fully utilized most recently by Comings et al 47 to assess allelic prevalence in Tourette's disorder and a number of the subject population are described in P-labeled probe, and autoradiography, demonHope Medical Center: A) adopting, foster or stepstrated fragments of 2.8 kb (B 1 ) and 1.4 kb (B 2 ). parents of Tourette's disorder patients; B) subjects from 3) DAT 1 repeat polymorphism The alleles at the 3 an endocrinology clinic with thyroid cancer or non-UTR were determined by PCR using the oligomers and insulin dependent diabetes mellitus; and C) hospital PCR conditions reported by Vandenberg et al. 45 Folpersonnel including professionals, technicians, and lowing PCR amplification the products were electrophmaintenance workers. All 142 controls were screened oresed in an 8% acrylamide gel with a set of size to exclude ADHD, alcohol drug and tobacco abuse. We markers. genotyped 91 of these controls for the DAT 1 9 and 10 alleles and 51 controls for the D␤H B 1 and B 2 alleles. Statistics One important caveat to consider involves the subProportions were analyzed for 2 by 2 tables using Pearject selection to evaluate association of dopaminergic son's chi-square and Fisher's exact tests. Larger tables alleles with SAB. While we are cognizant of possible such as 2 by 3 tables were tested using Pearson's chistatistical confounds with subjects having comorbid square and Mantel-Haensel test for linear trend. Differ-RDS behaviors (ie, substance use disorder at 18.1% in ences between means were tested using Student's tthis population) with which associations have already test. Multiple Logistic regression was used to analyze been proposed at dopaminergic loci, we are equally the contribution of one or several variables to predict cognizant that it would be quite difficult to exclude all the probability of having a high schizoid/avoidance RDS behaviors in patients presenting with SAB. Thus, score. The logistic model was assessed using the we must await additional studies in the future to Hosmer-Lemeshow goodness-of-fit test, the c statistic address this issue specifically.
which represents the area under the receiver operating characteristic (ROC) curve and the r 2 or presence of Genotyping variance accounted for by the SAS computer program The total number of subjects genotyped for one or more Proc Logistic. Odds ratios were also computed for the dopaminergic genes in this study was 271. All subjects predictor variables in any logistic regression model. 55 were genotyped based on a neutral identification number and read without knowledge of the individual being typed.
Results
For the schizoid/avoidant data set we decided to ana- Figure 2] ). However, unlike the DRD 2 A 1 allele data, chi-square analysis failed to reveal association of D␤H B 1 allele and DAT 1 10/10 allele with schizoid/avoidant behaviors. Utilizing multiple variable associations with the dichotomized SAB scores using logistic regression testing for significant relationships with the DRD 2 alleles, age and sex, both DRD 2 A 1 allele and sex were significant predictors of SAB severity. With DRD 2 A 1 allele we found an odds ratio of 2.79 (P = 0.018) and with sex 3.6 (P = 0.0031), with a Hosmer-Lemeshow goodness-of-fit at P = 0.78. Table 1 and Figure 2 show the data relevant to 172 screened controls for either DRD 2 A 1 , D␤H B 1 and prevalence, as shown in of the variance which is statistically significant ( 2 = 7.5, d.f. = 1, P = 0.0059). In contrast, DAT 1 (10/10 allele) accounts for 1.6% of the variance; and the D␤H B 1 allele accounts for 0.0025% of the variance and are not significant contributors to the variance. When sex is examined as a univariate in a logistic regression model, we find a contribution to the overall variance of sex alone to be 9.9% ( 2 = 9.4, d.f. = 1, P = 0.0022). In a logistic regression model predicting high schizoid/avoidant MCMI-II scores above 84, utilizing the DRD 2 A 1 allele and gender as predictors, odds ratios for these predictors were 2.79 for DRD 2 gene and 3.55 for male gender. The Hosmer-Lemeshow goodness-of-fit P value = 0.778 and the C statistic (area under the ROC curve) equals 0.714 and the combined contribution to the variance was 17.9%. Moreover, in and A 2 alleles, using the procedure discussed above, we found no association with any of the other ten perbehaviors, [61] [62] [63] it is intriguing that unlike the DRD 4 gene, the DRD 2 A 1 allele was found to also associate sonality traits assessed by the MCMI-II test.
with individuals who showed lower TPQ novelty scores, lower extroversion, more withdrawal Discussion depression and more neuroticism. 63 Furthermore, dopamine transporter receptor sites significantly In conclusion, we have performed an association study that employed the MCMI-II self-report computerized increased in alcoholics compared to non-violent alcoholics, 64 and others 65 have shown a correlation test in order to reveal a contribution of polymorphisms of three dopaminergic genes to an abnormal personbetween low D␤H levels and sensation-seeking behaviors. ality trait referred to as schizoid/avoidant cluster. The observed association did not appear to be due to popuWhile schizoid/avoidant individuals initially tend to be languid, remote, non-affective (passionless), deperlation stratification since it was independent of the ethnicity, sex, or age of the subjects. Moreover, the fresonalized, conflicted, hypersensitive, phobic and selfdeserting, the literature indicates that, especially in quency for schizoid/avoidant behaviors based on the general population is 1-4%. The lack of significant subjects scoring above 84 on the MCMI-II, a significant number of probands tend to alleviate these dysphoric contribution of both the DAT 1 (10/10 repeat allele) and the D␤H B 1 allele to the overall variance cannot be symptoms and seek out pleasure through outrageous acts of violence with a pervasive pattern of social disruled out as yet due to sample size. In fact with a sample size of only 44 (due to missing values), these three comfort followed by extreme comorbid substance use disorder. 66 gene polymorphisms when combined in multivariate regression analysis account for roughly 7.6% of the These association studies, given the size of the contribution of genetic variance, support the notion that genetic variance, as might be anticipated if there are multiple genes and other factors like gender involved human personality traits are inheritable to some degree and dopaminergic gene variants are involved in both in this complex behavioral disorder.
As we previously suggested, association studies of temperament and at least two closely linked personality disorders, schizoid and avoidant behaviors. this sort provide a powerful strategy for detecting the subtle effects of genes on multifactorial quantitative Additionally, Cloninger's proposal that personality traits may have distinct neurochemical and genetic traits, especially where known candidate loci are available and specific dopaminergic alleles have been substrates mediated by genetic variability in dopamine transmission as well as other neurotransmitters is supshown to associate with other behaviors tied to the limbic regions of the brain. 56, 57 ported by the work of both Benjamin 2 and Epstein 3 as well as this study. According to Benjamin et al, 3 a similar approach may be useful for detecting genes that influence abnor-
The observed association in our study raises the question of the causal relationship between the strucmal psychological processes and health risk-related behavior such as tobacco smoking and excess alcohol ture of three dopaminergic genes (DRD 2 , DAT 1 and D␤H) and how their gene products interact with the consumption. Thus, the work from the laboratories of 
